Objectives: Health technology assessment (HTA) has to innovate to best support changing health system environments and to help provide access to valuable innovation under fiscal constraint. Methods: Issues associated with changing HTA paradigms were identified through scoping and explored through deliberation at a meeting of industry and HTA leaders. Results: Five broad areas of change (engagement, scientific dialogue, research prioritization, adaptive approaches, and real world data) were identified. The meeting focused on two themes derived from these: re-thinking scientific dialogue and multi-stakeholder engagement, and re-thinking value, affordability, and access. Earlier and ongoing engagement to steer the innovation process and help achieve appropriate use across the technology lifecycle was perceived as important but would be resource intensive and would require priority setting. Patients need to be involved throughout, and particularly at the early stages. Further discussion is needed on the type of body best suited to convening the dialogue required. There was agreement that HTA must continue to assess value, but views differed on the role that HTA should play in assessing affordability and on appropriate responses to challenges around affordability. Enhanced horizon scanning could play an important role in preparing for significant future investments. Conclusions: Early and ongoing multi-stakeholder engagement and revisiting approaches to valuing innovation are required. Questions remain as to the most appropriate role for HTA bodies. Changing HTA paradigms extend HTA's traditional remit of being responsive to decision-makers demands to being more proactive and considering whole system value.
Often, the purpose of health technology assessment (HTA) is to inform decisions about the coverage/reimbursement and use of new and existing health interventions, typically within health systems with limited resources to acquire and deliver them (1) . HTA should be tailored to the types of decisions it is informing and reflect the needs and realities of the health and innovation systems within which it is operating. This is reflected in a growing recognition that it should take account of the lifecycle of health system innovation to be more impactful (2;3) .
In recent years, there have been fundamental changes in approaches to health system delivery, influenced by increasing public demand and patient influence, limited resources, new governance models, developments in information and communication technology, and new service delivery models seeking to improve quality and efficiency (4) .
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have similarly created new approaches to technology development, exploiting scientific advances, and working more closely with health system regulators and administrators to develop the evidence of safety and effectiveness that they seek (5) .
The Health Technology Assessment international (HTAi) Policy Forum brings together senior people from public and private sector organizations using HTA to support decisions or about product development and coverage for strategic discussions about the present state of HTA, its development, and implications for healthcare systems, industry, patients, and other stakeholders. The discussion at the 2015 Policy Forum suggested "the HTA paradigm needs to be more agile," "helping healthcare systems understand the potential of innovations and to ensure that their potential value is realized" (5) . For HTA to deliver this enhanced role, HTA needs to innovate along with current health and innovation system developments, and changing ways that health systems and society view concepts of value and affordability (5) .
METHODS
The broad theme of innovation in HTA for the 2016 Policy Forum meeting was identified through discussion at and HTA beyond the confines of traditional HTA using its approach to support and improve healthcare service HTA and value of innovations HTA and value and affordability of innovations (how health system can have the capacity to absorb the current and projected level of innovations) HTA linked with payers HTA linked with health system, with those responsible for allocating resources. HTA as a convenor of all parties on how health system needs to develop to get value from innovation HTA in a budgetary and health system decision making with a short-term perspective HTA taking a medium long-term perspective in informing health system decision making following the 2015 meeting. The scope, title, and detailed agenda for the meeting were then developed through email and face-to-face discussions between members of the Policy Forum and a smaller leadership group (the Policy Forum committee). The 2016 HTAi meeting was held from January 31 to February 2 in San Francisco, California. Sixty-one people participated in the discussion, including Policy Forum and HTAi Board members and invited thought-leaders in health services leadership and patient advocacy (Supplementary Table 1) . A background paper was developed to support discussion and several case studies were briefly described in this, with further detail presented at the meeting.
The meeting was conducted under the Chatham House Rule (6), whereby participants are free to share information obtained at the meeting, but they may not reveal the identity or affiliation of the person providing the information. This study summarizes the authors' views of the key thoughts and suggestions emerging from the discussion at the meeting and the wider issues raised. While informed and strengthened by attendees' comments on drafts, it is not a consensus statement from the meeting, nor can it be taken to represent the views of any of those attending the meeting or the organizations for which they work.
FINDINGS Defining the Focus for the Main Discussion
During the scoping process leading up to the meeting, various ways in which innovative approaches in HTA can be conceptualized were described (Table 1 ). It was believed that the changing paradigm in HTA could best be characterized by one or more of the following: more agile and adaptive HTA processes across the life cycle of technologies; assessment methods and language that go beyond incremental costeffectiveness ratios and are meaningful to clinicians and patients; and multi-lateral stakeholder dialog and collaboration that addresses health needs and product conceptualization, through development, evaluation, introduction, and appropriate use in the midst of other developments.
Drawing on these discussions, five key areas were identified where innovation in HTA is happening or is needed. These were: (i) HTA engagement with payers and health systems and a move toward more sophisticated approaches to multistakeholder engagement; (ii) New approaches to scientific dialogue, particularly between HTA bodies and industry but also involving other stakeholders including regulators, providers and patients; (iii) How HTA can influence the pipeline and priorities of research and development, either private-sector or public-sector funded; (iv) The use of adaptive/lifecycle approaches to technology management; and (v) The increasing need to use real-world data.
The Forum decided that discussion at the 2016 meeting should be based as far as possible around real-life case studies or work and experiences in member organizations. The meeting should focus on two themes that had not been the main focus of earlier Forum discussions: "Re-thinking scientific dialogue and stakeholder engagement" (a combination of areas 1 and 2 above); and "Re-thinking value, affordability and access" (a theme that emerged only after further discussion).
Exploration of these two themes at the meeting was preceded by a discussion of "HTA at a Crossroads," stimulated by invited keynote presentations from leaders in HTA, industry, health system management and patient advocacy.
HTA at a Crossroads
The push for a paradigm shift in HTA reflects both changes in health system approaches and in the development of innovation. While both producers and purchasers of health technology share a goal of "improved patient access to valuable innovation" (7;8) satisfying this goal within fiscal constraints means revisiting what innovation is needed (9) and how patients and health systems value innovation (10) as well as the processes that lead to access. HTA is often seen as part of an approach that views patients as a cost burden and technologic innovation as a problem rather than a solution. Proposed innovative approaches to HTA include improved engagement to better understand the value of innovation to patients (11;12) and make better use of information developed before, during, and after the regulatory process (13) .
Examples of these HTA innovations include proposals for early scientific dialogue (3), adaptive pathways (17), better use of real-world data (5), and encouraging more innovative product listing agreements (18) . Innovators have also innovated, through improved evidence production for payers, organizational changes that better consider payer needs, and coalitions intended to standardize evidence collection and measurement (5) . For example, the Agenzia Italiana del Farmaco has recently committed to integrating real world data into HTA activities, with the aim of informing the renegotiation process and aligning prices to the value to the health system (15) .
Another key feature in the changing HTA paradigm is increasing the involvement of patients (10) . Increasingly, patient and community preferences/values are considered part of the "evidence" in HTA (16) , and there has been a significant increase in support for patient-centered research in the United States (17) as well as in global drug development by the private sector. Patients have welcomed these changes, although some have suggested that engaging in the clinical development phase has been more rewarding and presented fewer obstacles than in the HTA phase.
In the following sections of this report, we further examine current changes under the meeting main themes, and the implications of each.
RE-THINKING SCIENTIFIC DIALOGUE AND STAKEHOLDER ENGAGEMENT Theory and Principles
Beyond an increasing realization that patients need to be involved in early and ongoing scientific dialogue, in addition to assessments of a technology at any specific time, is work to develop and implement "fast track" regulatory approaches and calls for "adaptive licensing" (18) . This has led to the recognition that all regulatory and HTA bodies need to work together, and with patients, if these approaches are to achieve their goals of giving patients faster and more appropriate access to promising new technologies (17) .
More recently, there has been recognition of the need for HTA to work more closely with a range of other stakeholders, particularly care providers, health system administrators, and health service managers at relevant levels in the healthcare system, including those responsible for policy and decisions on access and reimbursement at both national and local levels, and those responsible for delivery of a new technology who can advise on and need to be aware of the likely impact on current pathways and systems (5) .
Other increased engagement is seen with some jurisdictions moving from "traditional" clinical practice guidelines that pay little or no attention to costs to guidelines or care pathways that address this and broader system concerns. This has required clinicians, HTA bodies, managers, and patients to work together. Some of these initiatives have been born out of quality improvement initiatives that attempt to link payment and delivery to value and through using disease-specific strategic or managed clinical networks (19) . Another significant driver in this effort is an increasing interest in hospital-based HTA approaches.
These activities highlight the need for engaging multiple stakeholders in early and ongoing dialogue as a means to A US, publically (federally)-funded, patient-centered research initiative to address unanswered questions for patients, providers and payers surrounding the use of (high fiscal impact) drugs for chronic hepatitis C virus infection.
Fund additional evidence production based on patient engagement
To be determined
Theoretical case study exploring the use of deep brain stimulation for Alzheimer's disease, which represents a significant increase in current utilization for a high-cost technology requiring significant limited specialist surgeons and allied health professionals. Intended to illustrate system readiness for large upfront investments and challenges with collecting payer evidence for medical devices.
None proposed but could require one or more approaches
The Institute for Clinical Effectiveness Review framework for re-examining the price of high-value, high budget impact drugs requiring significant upfront investment. Intended to help current payers negotiate prices based on capacity for funding.
Additionally examine value in terms of affordability Yes facilitating access to valuable innovation. However, they raise issues as to whether HTA bodies or others are best suited to convene and coordinate such discussions, and whether HTA bodies have the skills, resources, and authority to take on such a role.
Examples/Cases
Three case studies were presented that provided different insights into the opportunities and challenges of stakeholder engagement (Table 2) . Each case highlighted the issues of engaging different types of stakeholders, in different jurisdictional contexts and for different purposes. Each case also highlighted the desirability of multi-stakeholder engagement but the need for further clarity and processes to improve approaches during and after implementation. They also highlighted that time is needed to create a "shared language" across stakeholders and even between the same stakeholders.
Summary of Discussion: Dialogue and Engagement
Participants noted that engagement and dialogue are important not only for optimizing the use of health technology but health system performance as a whole. Choices in health service delivery impact a wide number of stakeholders, from the general public, to patients, caregivers, and innovators. However, dialogue is resource intensive, and stakeholders are numerous, so efficient approaches to engagement must be considered. First, priorities regarding what technologies or conditions require more engagement must be set. This could also involve determining the levels of effort required for some topics depending on perceived impact (analogous to the "rapid" HTA review approach today) (20) . Some participants suggested that these priorities should also take into account the technological lifecycle as well as the various levels of policy and decision making. However, there are still challenges with lifecycle approaches that require resolution, including the need to consider all current and future innovations and how to disinvest in lowvalue innovations. They will also likely require time-intensive appropriate feedback and re-visiting of decisions.
Second, the geographical level of the dialogue needs to be considered. Some may be required at regional/local levels while other is more suitable at national and supra-national levels. Also, consideration needs to be given to the type and breadth of stakeholders who need to be involved in any particular dialogue. As noted above, this raises questions about who is best suited and adequately resourced to prioritize and coordinate engagement across different levels of decision making and types of stakeholders. It also begs the question as to how impactful various types of engagement are in different situations; recent initiatives are delivering some learning here, but there are still many gaps and it not clear who is, or should be, pulling all this together.
In this context, some participants proposed that a triaged approach might be a more efficient and helpful way forward. This could involve arriving at a consensus on what future areas (defined by therapeutic class, disease or other meaningful characteristics) for technology investment will likely have the largest impact and then engaging in very early international dialogue and consensus between national stakeholders on key information requirements for payers. Stakeholders could agree on the perceived need for technology, what investment is possible, and what evidentiary standards are required. This is a fundamental shift from reactive dialogue initiated by companies to proactive dialogue initiated by HTA/health systems. An example of this approach was the one attempted by Green Park Collaborative International's (21) discussion of HTA and payer's evidence requirements for new technologies for Alzheimer's disease in advance of any such technologies being close to market. Although it proved difficult to reach consensus amongst HTA bodies and payers on evidentiary requirements for classes of drugs that were not yet being considered by regulators, this exercise gave some insight into how, with suitable procedures in place and recognition of the need to preserve the need for autonomy for national and/or local decision makers, discussion at an international level might be pursued.
Another issue arising from the discussion was engagement with the appropriate kinds of stakeholders. While much has been done to engage patients and those close to them, these activities are sometimes misunderstood as engaging the public or citizenry, who may have different roles in reimbursement policy. Patients have knowledge about living with a condition and can discuss what they see as the priorities for their care and the positive and negative aspects of new or existing therapies that may not be captured in the published literature and may be seen as relevant by HTA organizations. In parallel with this, patient advocates may make the case for the priority that should be given to improving care for a particular group of patients (22;23) . In contrast, citizens may need to be engaged to help decision makers balance the needs and demands of various different patient groups. Approaches to citizen engagement include appointment of "public" members to committees and/or citizen's juries to more robustly capture the diversity of views and social values (24) .
Finally, this discussion highlighted the need for increased trust and confidence between stakeholders and which type of body is best suited to the role of convening the wide ranging, early, and ongoing multi-stakeholder that is being proposed. The cases presented at this meeting highlighted that some HTA organizations have been highly effective in increasing engagement with patients, industry (e.g., through early scientific dialogue), and healthcare administrators in recent years and may now be positioned to build on these experiences to convene engagements to define what innovation is valuable to patients and how to improve access to it.
Although it was clear to meeting participants that HTA bodies need to become the "champions" of value, through supporting payers and decision makers with regard to access, questions did remain as to whether HTA bodies can successfully act as convener or broker of multi-stakeholder engagement, and what approaches are needed to ensure the process is efficient and effective. Some noted that public health or other government bodies that already coordinate research about disease burden and health planning using real-world data may be better suited and resourced to facilitating this kind of engagement.
RETHINKING VALUE, AFFORDABILITY, AND ACCESS Theory and Principles
Value is typically defined by what additional benefits to patients, those close to them, or wider society will gain from the use of innovation and what they are willing to give up (i.e., the opportunity cost) to do so. Traditional approaches to examine value include analyses of cost-effectiveness, often with universal measures of health such as quality-adjusted life-years compared with the value of resources required, to provide decision makers with a sense of economic value (i.e., what must be given up to obtain benefits). Cost-effectiveness has become a key criterion in developed jurisdictions to inform reimbursement decisions.
A recent concern is that this approach does not consider either expenditure or technology growth, or the affordability of new technology, arguably a more direct measure of lost opportunity for payers. Some technologies with high value (according to traditional cost-effectiveness evaluation) and high budget impact are now not being fully reimbursed due to problems of affordability in developed systems, a problem until recently only faced by developing countries. While new products for chronic hepatitis C virus infection and oncology are the main focus for this debate currently, payers (and producers) are concerned about therapies for Alzheimer's prevention, some medical devices, in vitro gene therapy, and other regenerative therapies as they look to the future (25) .
There have been several responses or proposed solutions to the introduction of therapies of potentially high value and high and potentially unmanageable budget impact: one is a traditional approach to managing funding through limiting access to identifiable subgroups where therapy is most cost-effective (26) , and/or developing care pathways or rationing sequences of use (e.g., first line, second line therapy). An example of restriction is with new hepatitis C treatments, where despite receiving a 50% discount on the price, the US Department of Veterans' Affairs had to restrict reimbursement to a proportion of their constituents infected with the virus (27).
Another response that is that of using product-listing agreements that can be put in place to address payer uncertainty about effectiveness, or cost-effectiveness or budget impact, or some combination of these. In some cases, innovative access with evidence development or "performance-based risk sharing" agreements have been used (28) . These have been discussed extensively in previous Policy Forum meetings and elsewhere (although the focus in many of those discussions has been more on value than affordability) (18) .
A further approach is a call for "financial innovation" approaches such as licensing and bond mechanisms (29) . For example, USD 6.5 billion from twenty-three countries was raised by The International Finance Facility for Immunization scheme which was used to provide vaccines to countries with a lesser ability to pay more rapidly (30) . Other examples include social impact bonds that provide long term rewards to innovators for the performance of their innovations (29;31) .
A final response to challenges of affordability has been to try to work issues of overall cost and budget impact into formal frameworks for assessing what is should be reimbursed (32) . This has ranged from improving the structure and transparency of existing deliberative processes for appraisal to incorporating or investigating additional metrics that may reflect wider social benefits when considering the value of investing in healthcare interventions. One proposed approach is multi-criteria decision analysis (MCDA) as a means of combining a range of factors relevant to defining and determining value (33) . Some MCDAbased proposals have addressed the payer's problem of scarce resources, while others do not explicitly consider opportunity costs (34) . MCDA approaches require additional administrative burden and are not mainstream but have seen some uptake in Thailand and Europe (35) .
Not surprisingly, these developments have led to debate about what represents value and a "fair price" for a technology, that is, a price that provides a good return to investors, rewards and incentivizes innovation, and allows society to benefit to the full from the uptake of the technology. It also raises questions about the relationship between policies directed at pricing and innovation.
In the developing world, where questions of value and affordability have long been key, some jurisdictions have adopted more radical solutions. This can include demanding dramatic discounts or implementing systems of voluntary or compulsory licensing. In some cases, patent systems intended to reward innovation have been ignored or the practice of parallel trade has been allowed to provide better access to technologies but at greatly reduced prices.
Examples/Cases
Three case studies were presented that provided different insights into the challenges of technologies with favorable costeffectiveness but that present challenges around affordability. One case focused on new drugs for chronic HCV infection. A second presented an analogous and hypothetical case for a medical device for Alzheimer's disease. A third case study described a new value framework that considers affordability as a means to guide payer decisions on coverage and price.
Summary of Discussion: Value, Affordability, and Access Policy Forum participants discussed the concepts of value and affordability, the relationship between them, and role of HTA in the assessment of them and in decision making based upon them. Some emphasized the differences between affordability and value and the roles they should play in decision making about new technologies. Concerns were expressed that a focus simply on affordability could lead to value as currently assessed through HTA being overlooked and that this could have a detrimental impact on valuable innovation and patient access to new treatments. Others suggested value can and should consider affordability but this does not mean simply searching for the lowest price, care must be taken to maximize efficiency in innovation system as well the health system. In this way, HTA could still play an important role in facilitating the development of evidence to support effective investment/disinvestment decisions. However, some participants noted that many payers have no incentive to think about incremental innovation or dynamic efficiency, as they are ultimately rewarded for getting the best price. Likewise, producers may have little incentive to think about the collective effects of innovation on health system budgets or the overall health of nations.
Whether notions of affordability are or are not embraced by HTA bodies does not remove the need for wider societal debate regarding what health systems can afford and how we will pay for "good value" technologies. It has frequently been suggested that there is an important role for HTA to identify low-value healthcare activities to support disinvestment to free up resources for new higher value activities (36) . Despite theoretical appeal, however, there are various practical challenges: exercises of this kind have had limited success in identifying low value activities, eliminating such activities is often politically difficult, and much of the expenditure growth in health care appears to be driven by growth in the volume of evidencebased care, not a "disproportionate growth in wasteful care" (37) .
There was also considerable discussion about a role for enhanced horizon scanning as a means of helping to address challenges around affordability and access. Some participants noted that the largely reactive responses to HCV therapies today might have been better informed through a horizon scanning process that supported upstream projection and planning by multiple stakeholders. This also highlights the need for horizon scanning that can promote downstream action, discussions and information from scanning is not useful if agreed policies and plans are not implemented on the ground. An enhanced approach to horizon scanning would, therefore, require the engagement of more stakeholders, with cross-industry involvement and ongoing discussions from early the technology development process through to implementation.
This approach to horizon scanning has much in common with the new approach to ongoing, multi-stakeholder dialogue discussed in the previous section of this study. Not surprisingly, therefore, the issue was again raised as to whether HTA bodies are most appropriately placed to convene these discussions or whether other institutions/bodies (e.g., manufacturers themselves, independent bodies, or other government bodies) might be better placed to do this. Participants also suggested that none of these activities should be seen as replacing standard HTA activities that address the value and impact of current technologies.
Through this discussion some key questions were raised. All seem to agree that HTA bodies must continue to assess and advise on value, but further discussion is needed of the role, if any, that HTA bodies can and should play in supporting decisions on what is affordable, and in supporting enhanced horizon scanning, dialogue and planning. And what role can and should industry play in stimulating, convening or leading these activities? The ongoing success of the health innovation and delivery systems, and the health of the public depend on industry, health systems, governments, and societies finding solutions to these challenges, with the help of HTA bodies, regulators and other key parts of the system.
CONCLUDING REMARKS
The discussion by the Policy Forum ultimately highlighted that it is still "early days" for changing HTA paradigms but we have begun to see change. The discussion of value, affordability and access in highlighted that health systems in developed economies have increasingly had to consider budget impact and affordability as well as value. Various tools are available to manage introduction, access, cost, and budget impact, but challenges will remain. Improved horizon scanning followed by effective dialogue and planning between health system and industry could help these to be better addressed. There was agreement that HTA bodies must continue to assess value, but there was a range of views on the role HTA could and should play in assessing or supporting discussions on affordability.
The prevailing view in the meeting was any approach to considering affordability should also be part of a wider and earlier ongoing dialogue. Although early "scientific" dialogue is increasingly becoming established and helping improve the speed and quality of assessment and coverage decisions of new technologies, there is still a need for engaging all relevant stakeholders (industry, regulators, HTA bodies, payers, clinicians, health service managers, patients) at all stages to improve the targeting of innovation and new technologies on patient and health system needs, and the effective introduction and management of them over their life cycles.
Questions remained whether HTA may be well positioned to do facilitate this broader multi-stakeholder engagement. However, if not a role for HTA, we will need to ask ourselves, "then who?" Some suggested a possible role for other nationally funded bodies with a health focus, such as public health bodies, regulators, or research funders. Others suggested new bodies are required, as is now seen with research and innovation councils in some jurisdictions. Nonetheless, HTA bodies could work toward being true champions of value through better coordination and adherence to principled approaches. HTAi could play a role in brokering international discussions between industry, regulators, public health bodies, HTA and payer bodies, and patient representatives to identify the next steps in promoting early and ongoing international dialogue around technologies, and particularly classes of technologies and/or disease areas, building on and learning from the experience in ongoing single and multi-jurisdiction early scientific dialogue initiatives, and wider international work such as Green Park.
These changing HTA paradigms do not also change HTA's fundamental remit of being responsive to decision makers and improving the capacity of the health system to benefit from technology. It also does not change the principle of needing to conduct HTA in manner "fit for purpose," that is, although how and who and when this might happen will vary according to the various health systems that have been implemented globally. In some cases HTA may be well suited to take on a leadership role while in others, it may not. A reasonable next step is for HTA bodies and producers to ask this question in their own health jurisdictions, so as to either further establish the role of HTA or ensure that an appropriate actor is leading this activity.
Questions of value implicitly raise fundamental questions about societal choice. Certainly patients will need to be part of better engagement. And although patients are increasingly playing a role in defining what is valuable through participating in HTA processes, some have suggested that the limited time and resources that patients have at their disposal may best be spent influencing "up-stream" discussions on the targeting of
